Introduction
Potato is the world's fourth-largest food crop and has been defined as "the food of the future". Developing the potato industry is of great significance to ensure food safety and for improving agricultural economics [1, 2] . Potato soft rot is a disease which is composed of several types of either erwinia alone or as a mixed infection. This bacterial disease can harm potato tuber during the storage period. The severiety of occurrance is different degree every year and has become one of the major diseases of potato throughout the world. This type of potato bacterial disease can occurr at the seedling or storage stage thus infecting the surrounding healthy potato tubers quickly and easily which may lead to severe economic losses [3, 4] . Sensitive and rapid disease detection systems are required for disease prevention and control. The gram staining method [5] , physiological and biochemical method [5] , enzyme-linked adsorption measurement method [6] , and the based PCR detection technique [7] are currently used to detect and identify bacterial agents responsible for the disease. However, the disease degree of the potato cannot be detected in real-time with accuracy and reliability [8] . To improve the performance of gas concentration detection of diseased potatoes, and to better meet the requirements of practical applications, many experts and scholars have dedicated resources for the study by using an electronic nose to obtain different smell fingerprint data via a test of potato diseases. Relative to healthy potatoes, the most obvious feature is that volatile components obviously change during potato tuber soft rot disease and the smell also reveals significant differences. Therefore, there is a good correlation between the smell of potatoes and its degree of damage. The potato disease can be detected firstly by its volatile gas concentration and thus, the disease degree can be recognized [9] [10] [11] [12] [13] [14] [15] . Stinson et al. proposed a healthy recognition ability of the disease in potato by an electronic nose [16] ; however, the technology required further research; DE Lacy Costello et al. designed an electronic nose system, which could detect diseased potatoes within healthy potatoes [17] ; however, https://doi.org/10.1515/biol-2017-0044
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Keywords: electronic nose, potato, soft rot disease, bacterial infectio the recognition accuracy required further improvement. The PCA and LDA arithmetic were used for data analysis by Biondi's team to detect potato diseases based on the electronic nose; however, the LDA recognition rate was slightly lower under active sampling condition [18] . This reveals that although the conventional electronic nose detection technology has already been developed, shortages remained and it was difficult to meet the requirements of potato soft rot bacteria invasion detection. Based on the current research situation of the potato disease detection by an electronic nose system, the bionic optimization design of electronic nose gas chamber test system was used to detect volatile organic compounds at varying concentrations of the potato tuber soft rot disease, and the disease degree of the potato tuber was studied and different algorithms were used to verify the validity and accuracy of the bionic electronic nose system.
Materials and methods

Preparation and inoculation of bacteria to potato tubers
Potato soft rot is mainly caused by the soft rot erwinia pathogen of carrots soft rot. Carrots soft rot erwinia potato consists of black shank subspecies and chrysanthemum Euclidean bacteria. The carrot soft inoculation of the pathogen Euclidean coli carrots subspecies (Ecc) was selected for this experiment, and after choosing the Ecc it was placed into potato dextrose agar (PDA) medium. Before use, the pathogen was inoculated on PDA medium at room temperature for activation, and the bacterial suspension was made using sterile distilled water. Healthy, disease-free potatoes, without damage on the surface and similar in size were obtained and cleaned with clear water, and then dried. The lenticels inoculation method [19] was adopted, the bacterial suspension was used, and the potato tubers were infected via vaccination.
Orthogonal Test
The best detected conditions of electronic nose to the diseased potato were determined by the orthogonal experimental method. According to the four factors of sample weight (A), the tuber diameter size (B), sampling time (C), and sampling interval (D), orthogonal experimental factors level table (L 9 ( 3 4 )) was established, as shown in Table 1 . The maximum response value of the electronic nose was chosen as detecting indicators. Variance analysis and factor significance test were conducted via SPSS statistical software.
The variance results are shown in Table 2 . It can be seen that the factor B with the largest range, and the influence degree of the factors to the maximum response of electronic nose detection was B > C > A > D. The optimum detection combination condition was A 3 B 1 C 2 D 2 which was obtained via comparison of different testing conditions. The potato tuber weighing 200 g, diameter of1 cm, sampling time, and sampling interval are 120 s and 3 min at each test, respectively. Each test was repeated thrice and the average from the three tests is reported as the result.
Test apparatus 2.3.1 Experimental apparatus
The instruments, which were used for this experiment, are the bionic electronic nose system, a sample bottle, a data collection analyzer, and a volatile gas-sampling device. 
Tab. 1 Factors and levels of the orthogonal experimental method
Levels Factors
A (g) B (cm) C (s) D (min)
The potato volatile gas-sampling device
The sampling device of the potato gas volatiles is shown in Figure 1 . The system is composed of sampling needle, cork, trachea, potato samples, glass tube of gas collecting system, plastic wrap, and an air filter (containing activated carbon). 
Bionic electronic nose sensor array and gas chamber optimization
A sensor array is the core component of a bionic electronic nose system. The utilized detection principle converts the smell of the gas molecule signals into a voltage signal via the cross sensitivity of the sensor. Since the gas sensitive material is different, many different types of gas sensor exist and metal oxide semiconductor gas sensors are the most commonly used. Potato tubers can induce the release of ethanol, acetone, 2-butanone, and the other specific components following bacterial infection with soft rot [10] . According to the experiment and the characteristics of gas composition, the TGS series gas sensor (FIGARO company, Japan) was selected to compose the sensor array for the initial experimental research, and the related specific parameters of sensor are shown in Table 3 .
Tab. 3 Basic parameters of TGS series gas sensors
The sensor type The main object of detection Detection range
TGS2600
Cigarettes Based on the adult structural features of the nasal cavity and the nasal cavity internal flow characteristics of fluid mechanics research, a bionic gas chamber system was designed. The geometry of this gas chamber featured the shape of a cone to emulate a big cavity and small jaws of gas chamber structure, to increase the inlet air flow rate compared to the air velocity of the inner cavity; thus providing sufficient material for contact with the sensing element. The specific shape, volume, and wind speed of the fan of the conical bionic gas chamber were determined via orthogonal testing [20] . The jaw radius of the electronic nose gas chamber was r = 50 mm, the cavity radius of the electronic nose gas chamber was R = 120 mm, and the height of the gas chamber was H = 200 mm. Different types of wires of sensors were arranged to avoid the flow channels and to fix the position of the sensor array in boxes export origin. Thus the power cord moved from the outside into the data line. The draft fan was installed within the external sensor array to guide the gas flow and the wind speed was set to V = 1.5 m/s. The electronic nose array and the gas chamber system are shown in Figure 2 . 
Experimental method
Ten groups of controlled experiments were initiated, respectively marked as 1, 2 ... to 10. Two sample bottles were placed in each group, labeled A and B, respectively. One piece of infected tuber and nine pieces of disease-free tubers were placed in bottle A, while ten pieces of diseasefree tubers were placed in bottle B. According to disease severity the tubers involved in the area ratio of the disease were divided into six levels. Classification standards are shown in Table 4 as follows:
Tab. 4 Potato tuber disease classification standard Experimental tests were carried out using the electronic nose system. During the test, the indoor air should be kept fresh and clean, the indoor temperature was 22 ± 1°C, and the humidity was 60% ± 1%. At the beginning of each test, preheating and 0.5 hour of air purification were required; Due to the different temperature condition, the volatile gas composition of potato tube were different. So, the effect of temperature factor on the volatile component must be considered. Different temperature cases of potato tuber volatile component were collected and analyzed. The results showed that the volatile components were less below 10°C, and they were complex above 40°C and will affect the accuracy of the sensors, and volatile components were moderate between 20°C to 40°C. Highest volatile component were observed at 30°C and the potato basic physiological state could be guaranteed relatively constant. So, the potato tuber samples were heated to 30°C using a heating box, and then they were taken for gas collecting indoor and covered with plastic wrap; the signal acquisition was done after the sensor reached a steady state. During acquisition, both sampling needles were inserted and set at the indoor gas. The cork of the sampling device was inserted into the inlet port of the electronic nose system for data collection and recording. Sampling time was set to 2 min and when the collection was completed, the chamber room was filled with clean air to clean the sensor reaction. Then, the gas reduction time was set to 3 min and the next set of experiments were carried out after gas cleaning. Measurements were taken from each group daily for seven days generating 140 data points. 10-fold cross validation was used for training and testing. Artificial neural network (RBF NN) and support vector machine (SVM) were utilized for performance analysis, and the difference of the estimation and the system availability were validated [21, 22] . An artificial neural network is widely used in pattern recognition due to its strong nonlinear mapping ability and superior fault tolerance. A three-layer RBF neural network structure was constructed in this study via the RBF neural network algorithm. Six input layer nodes, three hidden layer nodes, and one output layer node were utilized. A Gaussian function was chosen as the neuron function in a hidden layer of the RBF neural network. For the hidden layer center of the Gaussian function, the orthogonal least squares method was chosen for this study, and the weights of the network output were trained via the least square method with the training goal of minimizing total error. The training samples of the RBF neural network were potato tuber samples with different degree of soft rot disease infection. The radial basis function of good classification performance and stability was selected in the SVM algorithm.
Levels Standard
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Results
Response of sensor arrays to volatile organic compounds in potato
The infected potato tuber and healthy potato tuber electronic nose detection were carried out by the dynamic headspace sampling method. The electronic nose sensor response curves on diseased potato tubers and diseasefree potato tubers are shown in Figure 3 . The x-axis shows time, the vertical axis shows the signal value, and signal values show the output voltage value of each sensor. It can be clearly seen from Figure 3 that the output voltage value of each sensor changed slightly in the beginning stages.
As the volatiles attached on the surface of the sensor, the sensor output voltage value changed constantly, and then flattened out, and finally reached a stable state. In addition, the response curves of each sensor on diseased potato tuber (Figure 3a ) and disease-free potato tuber were different (Figure 3b ). This difference indicates that the electronic nose sensor array system is able to detect the potato diseases.
The sensor output average curve graph of the different disease degree level is shown in Figure 4 . As can be seen from Figure 4 , infected potatoes began to emit volatile compounds with the increase of the level of infection, and the volatile compounds accumulated and increased. There is a good correlation between the potato smell and its degree of damage as the output voltage value of the sensor increased. But when disease degree increased to level 5, potato prevalence rate reached 70% to 100%, the volatile component was more complex when compared with other conditions. The complex component maybe attributed to the decrease in the response between level 4 to 5. Figure 4 also suggest that the output voltage curves of the five sensors were different, and that the selected sensors have a very good sensitivity. 
Feature extraction and optimization
According to the characteristics of the sampled smell, the maximum gradient, average gradient and the minimum gradient were picked up as characteristic values, and they were recorded as Max, Average, and Min, respectively.
Fifteen characteristic values were obtained via five sensors and a matrix was built from these. The column of the eigenvalues matrix was taken as a characteristic vector and was utilized as the input of the RBF neural network and SVM for training and testing. The recognition rates are shown in 
RBF NN and SVM comparison
A total of 140 groups of data were measured in these tests. The data was divided into 10 groups, with 14 sets of data in each group, and the data was processed by 10-fold cross validation method [23] , in the method, data were divided to ten groups of which nine groups were set as training sets and the other one group was set as test set in turn, the average of 10 results was taken as the estimate of the recognition and the evaluation measurements can be represented by an average value with a standard deviation. The influence of sample sizes to the identifying rate was compared, and the stability difference of the recognition rate was obtained between the RBF network and SVM recognition. The results and the number of samples of each level are shown in Table 6 .
In Table 6 , when the disease level was level 0, the RBF recognition rate is 73.1%, the SVM recognition rate is 78.6%, and the SVM algorithm recognition rate is 5.5% higher than that of the RBF algorithm. When the disease level is between 1 to 5, the SVM algorithm recognition rate are 4.4%, 3.5%, 2.9%, 2.2% and 3.6% higher than that of the RBF algorithm, respectively. The analysis results reveal that the SVM algorithm recognition rates are higher than that of RBF algorithm. And the early detection of potato soft rot disease is feasible using an electronic nose and model based on RBF neural network and SVM. Furthermore, the SVM algorithm is better than the RBF algorithm.
Conclusions
In this study, a type of potato tuber soft rot disease early detection method based on electronic nose technology was introduced. An optimized bionic electronic nose gas chamber and a scientific and reasonable sampling device was designed, and changes of volatile substances of infected soft rot disease of potato tubers were detected. The RBF neural network algorithm and the SVM algorithm were utilized to detect and identify infection with soft rot disease of potato tuber samples, and the results shown that the proposed bionic electronic nose system can be used for early detection of potato tuber soft rot disease; Via comparison and analysis, the recognition rate via SVM algorithm reached up to 89.7%, and the results were superior to the RBM NN algorithm.
